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WATER QUALITY STUDY OF WENATCHEE AND MIDDLE COLUMBIA RIVERS

BEFORE DAM CONSTRUCTION

ABSTRACT

A water quality study was made in the Wenatchee River Basin and on the Columbia River

from Beebe (near Chelan, Washington) to McNary Dam for the piarpose of ascertaining the effect

proposed dam construction will have on water quality and its relation to aquatic life. Water sam-
ples were collected during the period from June 1954 to April 1957. They were analyzed for the

common constituents and for other constituents that might affect aquatic life. These data are

summarized and discussed. They are compared with similar data collected in 1910-11.

INTRODUCTION

Public Utility District No. 1, of
Chelan County, Washington, and Public
Utility District No. 2, of Grant County,

Washington, are developing hydroelectric
facilities on the Columbia River. Federal

Power Commission licenses for these facil-

ities direct the sponsors to carry on pro-

ject planning in cooperation with Federal
and State agencies concerned with the fish-

ery resource. The United States Fish and

Wildlife Service, as a Federal agency, has

worked with the Public Utility Districts
in the planning of these power facilities

so far as they might affect the fishery.

This study has been supported by these

Public Utility Districts through the U. S.

Fish and Wildlife Service, which in turn
contracted for the study through the Uni-

versity of Washington and its Department
of Civil Engineering (1).

Existing and proposed dams in the
vicinity of this study area are shown in

figure 2 (page 2). The Chelan P.U.D. pro-

posed (2) the construction of a power dam
at Rocky Reach (now under construction)
on the Columbia River 9 miles north of the

City of Wenatchee. This P.U.D. operates
the Rock Island Dam power development on
the Columbia River 12 miles below Wenatchee.
The Chelan P.U.D. has applied for a license
from the Federal Power Commission to con-
struct a dam on the Wenatchee River in the

Tumwater Canyon area 35 river miles west of

Wenatchee. This dam would divert water
into a tunnel leading to a downstream
powerhouse to be located near the City of
Leavenworth. Studies for a power dam on
the Chiwawa River have been deferred be-

cause of the high cost for a single-purpose

project on this river.

The U. S. Corps of Engineers 308

Report of 1948 (_3) proposed a single high
dam at Priest Rapids on the Columbia River
68 miles downstream from Wenatchee. After
this power site was acquired by the Grant
County P.U.D. by action of Congress and

by license from the Federal Power Commis-
sion, the P.U.D. decided (4^) to erect two

run-of-river dams to develop the power

potential, rather than a single high dam.

Cost comparisons and other factors led to

the selection of this 2-dam scheme. The

Priest Rapids Dam is now under construe t ic:.

and it is anticipated (4_) that construction
on the Wanspum Dam will commerce during 1958.

Table 1 (page 3) gives pertinent data
on these dams and the other dams, existing
or proposed, in the area included in this

study (see fig. 2 for location). These

dams are primarily for the production of
hydroelectric power. They will have some

multipurpose use however, in their naviga-
tion locks (when built) and in their (very

small) flood control storage that can be

made available by drawndown of the reservoir

in advance of expected flood storage use.

As shown in table 1, these are low head,

run-of-river dams. They provide, at mean

river flow, a theoretical water rentention
period (not for flood control) in the reser-

voirs of only 0.25 to 4 days —( With com-

pletion of the proposed dams on the Columbia

River, the river will be a series of lakes

from Bonneville well into Canada, a distance

of some 620 river miles.

1/ Rock Island has the lowest detention
period of 0.25 days and Ice Harbor the

greatest, or 4 days.



Q '°

LAKE S ,

WENATCHEE ICHrWAWA \

C^\ 0\ RIVER \



^1 H tf)

a

J3 U

o



A discussion of existing and proposed
facilities at these dams for the passage of
migratory fish is beyond the scope of this

study.

SCOPE OF THE STUDY

This study is specifically related to

hydroelectric projects that have been pro-
posed by the Chelan and Grant County Public
Utility Districts on the Wenatchee and

middle Columbia Rivers. Water quality aind

biological data have been collected, docu-
mented, and analyzed in the river sections
that will be affected by these future dams.
Biological data were gathered only in the
Wenatchee River Basin. This report on the

study is divided into two sections: a sec-
tion on water quality, and a section on the
biological studies —' in the Wenatchee River
Basin. Some of the data included herein
were obtained on a previous study (^) by the

University of Washington for the U. S. Fish
and Wildlife Service. This previous con-
tract extended from June 1954 to December
1956, whereas the contract for the study
reported herein extended from June 27, 1956,
to September 15, 1957. Data collected by
the U. S. Fish and Wildlife Service in 1939
and 1940 are included where applicable (24).

_!/ Biological section no* included.

Data sampling stations were selected
to bracket the area; to lie near sites for
the proposed dams; to include a riffle area
if biological sampling was involved; to
include a bridge, if possible, for ease and
reliability of sampling; and to include
tributary streams where water quality data
would help explain quality changes in the
main stream. The sampling stations, as

listed in table 2, carry a station number
assigned in the previous survey (5). Fig-
ures 3-6 (pages 5-8) show the locations
of the University sampling stations and
those of the U. S. Fish and Wildlife Ser-
vice. Stations 16, 47, 23, and 42 were
selected to bracket the study area on the
Columbia and Wenatchee Rivers. Stations
13, 14, 17, 37, and 43 were selected as

they would give water quality data relating
to the primary stations that were located
in the vicinity of the proposed dams. Sta-
tion 38 (see fig. 3) is located between the
Priest Rapids and Wanapura Dam sites. This
is a difficult section of the Columbia River
to sample because a bridge or boat was not
available and because the shoreline depth
and point of sampling will change with the
change in river flow depth. Station 40 is

located at the upstream end of the future
Wanapum reservoir; station 44 several miles
below the proposed Wenatchee reservoir;
station 46 just below the proposed Wenatchee
reservoir; and station 47 is located near

Table 2. --Location of sampling stations.
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the upstream end of the future Rocky Reach
reservoir. Station 22 on the upper Yakima
River was sampled, since it was on the

travel route of the Scunpling party and

would thus give valuable information on a

regulated stream with a minimum of cost

cind effort.

Plates I-V (pages 9-13) show these
sampling stations and the initial construc-
tion work on the Rocky Reach and Priest
Rapids Dams.

RIVER BASIN CHARACTERISTICS

Characteristics of the principal
streams in the study area are given in

table 3. Nason Creek has not been gaged
sufficiently to permit an analysis of its
flow characteristics. All streams have a

very wide fluctuation in flow during a

normal water year. Table 4 (page 16) gives
the mean monthly discharge of the streams
in the vicinity of the sampling stations
during the period of the study. In a given
month, the average monthly flow from year
to year may vary by as much as 670 percent.
These monthly flow variations and the yearly
flow variations have a marked effect on the
water quality and on the biota.

The yearly average flows during the

Study period were generally greater than
the average flows of records, as shown in

table 4. These higher flows may reduce the

biota of the stream through scour and
through a reduction in dissolved mineral
matter concentrations.

Stream flow in 1939 and 1940 was
considerably less than in 1954-57. The
greatest stream discharge during the study
period was in the 1956 calendar year.

Columbia River Basin

The principal river basin in the
Pacific Northwest is the Columbia River
Basin. This river system likewise has the

greatest multipurpose water uses existing
and proposed. It has supported very large
runs of anadromous fishes, for whose con-

tinuation huge sums of money have been
spent. This water quality study has con-

fined itself within a small portion of the

Columbia River Basin as shown in figure 1.

There is a total of some 259,000 square
miles in the drainage basin, of which

39,700 are in Canada. It includes most of
the States of Washington, Idaho, and Ore-
gon, the western part of Montana, and
smaller areas in Nevada, Wyoming, and Utah,
comprising about 7 percent of the nation's
area.

The Columbia River has its headwaters
in Columbia Lake, British Columbia, about
70 miles north of the international border
at an elevation of 2,650 feet. After flow-
ing 465 miles through Canada in a circui-
tous manner, the river enters the United
States near the northeast corner of Wash-
ington. It flows through Washington in
a series of big bends and becomes the border
between Washington and Oregon as it flows
westward to the Pacific Ocean. Between
headwaters and the ocean, the river is some
1,200 miles long. Its annual average flow
is around 160,000,000 acre-feet of water
(or 220,000 cubic feet per second) that is

discharged into the Pacific Ocean. The
headwaters of the Columbia and its princi-
pal tributaries are in the mountains where
precipitation is fairly high. Mountain
snow packs produce ground storage plus
seasonal peak flows in late spring.

The central portion of the Columbia,
like its principal tributary, the Snake,
lies in an arid region where irrigation is

necessary for diversified farming. About
4,650,000 acres are now (1957) under irri-
gation (^) (7) , two-thirds of which are

in Southern Idaho. Ultimate development
calls for a total of about 7,500,000 acres
to be irrigated (8).

Because of its rapid fall from head-
waters to the ocean, the Columbia and its

tributaries offer many sites for hydro-
electric power development. Despite the

fact that there are now nearly 200 hydro-
electric power developments in the Basin,
only about 40 percent of the potential of
over 10,000,000 kw. had been developed (8)

as of 1947. (This figure has now increased
to over 50 percent).

The U. S. Bureau of Reclamation in

its report to the 81st Congress, "The

Columbia River," 1947 (8), proposed con-

struction of 238 projects, large jind small,

for irrigation, power, and flood control.
The U. S. Corps of Engineers, North Pacific
Division, in its "Review Report on Columbia
River and Tributaries" ("308 Report"),

1948, (3), shows an ultimate development of

i-i
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the Columbia River Basin that will provide
a total of 125,000,000 acre-feet of stor-
age —' on the river and its tributaries.
This storage would make posrible almost a
complete regulation of the river system.
To accomplish this, the Corps proposes the
construction of 27 dams with an additional
131 dams, large and small, in the ultimate
development

.

Approximately 600,000 acres of land
are now irrigated above Priest Rapids (5)
in the Columbia River Basin and the future
irrigated area may exceed 2,000,000 acres.
Irrigation return flows from the Columbia
Basin Projects' future annual diversion of
3,920,000 acre-feet (_3) are estimated to
be 233,000 acre-feet between Rock Island
and Priest Rapids and 1,174,000 acre-feet
in the vicinity of Pasco. The 1950 popula-
tion in the Columbia River Basin above
Priest Rapids was approximately 700,000
persons C^) (_10) and the estimated future
population is about 1,100,000 persons by
the year 2000. This anticipated increase
in irrigation and population with its con-
comitant increase in industry will produce
future changes in Columbia River water
quality.

Wenatchee River Basin

The Wenatchee River Basin is located
entirely within Chelan County in north-
central Washington, and it has an area of
approximately 1,310 square miles (11)

.

Originating in Lake Wenatchee, the Wenatchee
River flows southeastward for 55 miles (12)
to its confluence with the Columbia River
immediately above the City of Wenatchee.
It is an unregulated, rapid, snow- fed stream
having a mean annual flow of 2900 cf.s.
and a fall of 1,230 feet from Lake Wenatchee
to its confluence with the Columbia River
(11) . Principal tributaries below Lake
Wenatchee are Nason Creek, the Chiwawa River
and Icicle Creek (see fig. 4, page 6).

Above Leavenworth, the river basin is moun-
tainous and heavily forested. Below Leaven-
worth, the river enters a broader valley
that is fully utilized for fruit growing
(apples, cherries, apricots) and related
enterprises, such as box factories, packing
houses and storage plants. In 1950 the
river basin above the City of Wenatchee had

a population of some 12,000 persons, 3,270
of whom were in the Cities of Leavenworth
and Cashmere (10).

Water diversion for irrigation com-
menced on a small scale about 1870 and
continued until 1923, the last year of any
significant irrigation development. There
now exists 3,240 acres of irrigated land
along the Wenatchee River above Peshastin
and 25,470 acres above the river mouth (7).
The estimated annual depletion in river
discharge from irrigation usage is 50,940
acre-feet, which would correspond to a

reduction in stream flow of 170 c.f.s. for
an irrigation season of five months.

Lake Wenatchee, at the head of the
Wenatchee River, is fed primarily by the
Little Wenatchee and the White Rivers.
Table 5 lists significant characteristics
of the lake. The lake is very frequently
subjected to the stirring action of strong
winds blowing down from the adjacent moun-
tain passes. It is normally frozen over
during the winter months.

Table 5.—Lake Wenatchee
characteristics

Area - square miles
Area - acres
Surface elevation - average
Maximum depth - feet
Average depth - feet
Volume - acre-feet
Shoreline length - miles
Drainage area - square miles
Maximum lake discharge - C.F.

Minimum lake discharge - C.F.

SOURCE OF POLLUTION

The Wenatchee River is relatively
free of pollution. Significant sewage
dicharges axe treated prior to disposal
in the river. Leavenworth has a modern
sewage treatment plant providing secondary
treatment to its waste waters and Cashmere
has an outmoded sewage treatment plant
providing primary treatment _/ only. The

minor industrial waste discharges to the

river from the fruit industry plants are



in conformance with requirements of the

Pollution Control Commission (14) . Irri-

gation return flows are minor in the river

basin. Assuming a net consumptive use of

2.0 acre-feet per acre (2) and an annual

irrigation application of 4 acre-feet per

acre, the return flow prorated over 12

months would be about 71 c.f.s. This

amounts to 2.5 percent of the mean annual

flow.

The Columbia River between Beebe
Orchard Bridge and Priest Rapids receives
very little polluting material in relation
to the river volume. The City of Chelan
discharges sewage to the Chelan River
through a primary treament plant serving
a population of 2,300 persons. Wenatchee
and East Wenatchee discharge untreated
sewage to the Columbia River from a con-

nected population of about 14,000 persons

(13). Sewage treatment is being planned
for these cities. Other cities in the

area do not discharge sewage to the river.

All industrial waste discharges in the

river section, including the aluminum and

electro-metals plants at Malaga and Rock
Island, meet the requirements of the Pol-
lution Control Commission with the excep-
tion of a few food processing plants in

Wenatchee. Irrigation return flows in this

section of the Columbia River are small.

Anticipated return flows of 233,000 acre-

feet from the Columbia Basin Project will
not be realized until the area is all under
irrigation and not until the ground water
table has been raised sufficiently to per-

mit this return flow. A return flow of

233,000 acre-feet, prorated over 12 months,

would be equivalent to a flow of 325 c.f.s.

or 0.3 percent of the mean annual flow of

the Columbia River at Trinidad.

WATER QUALITY CHANGES IN A RIVER

In a given river section, unaffected
by marfs activity, the quality of the river

water is subject to change by natural

causes as it flows through this section.

The magnitude of the change will vary with
the length of the section, depth of flow,

shading afforded, elevation of the ground
water table, turbulence and, it will vary
with the physical and chemical character-

istics of the ground over which the river
flows. Tributary streams will of course
have an effect on the water quality in the
stream under consideration. Water quality

changes that usually take place in a river

section are as follows:

1. Increase in dissolved mineral
matter and conductance.

2. Increase in water temperature

during the summer months.

3. Decrease in water temperature
during the winter if a large

impoundment exists above the

stream section.

4. Increase in pH if the area con-

tains alkaline soil.

5. Color may be increased or re-

duced, depending upon the solar

radiation received and on the

nature of the surrounding soil.

6. Turbidity may be increased or

reduced, depending upon the water
velocity and the nature of the

surrounding soil.

7. Dissolved gases, such as carbon
dioxide, will decrease in a river

section unless entrained organic
matter is undergoing rapid decom-
position. Dissolved oxygen will

increase towards saturation or

remain in a saturated state un-

less rapid decomposition removes
oxygen faster than it is replen-

ished by reaeration.

The natural water quality in a river

is subject to change from 4 man-made causes.

They are:

1. Impoundment of water in artifi-

cial reservoirs behind dams.

2. Return flows from irrigation.

3. Introduction of domestic sewage
and industrial wastes.

4. Soil erosion or vegetative cover
changes from farming, logging, or

construction activities.

Impoundment of Water

The effect of water impoundment on
water quality depends upon the time of

impoundment, water depth, air temperatures,
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character or reservoir bottom, whether

highly organic or inorganic, on the physi-

cal and chemical quality of water entering

the reservoir, wind action to provide

circulatory currents, and on the point and

depth of water withdrawal from the reser-

voir. Adverse water quality factors in

regard to fish life that may arise from

water impoundment are: High water tempera-

ture; low dissolved oxygen; high or low

hydrogen ion (pH) concentration; excessive

carbon dioxide, ammonia and hydrogen sul-

fide from organic decomposition, siltra-

tion, and, accumulation of trace elements

that may be toxic to fish or their food

supply, such as copper, lead, selenium,

and zinc. Favorable water quality effects

that may arise from impoundment are: a

decrease in the downstream water tempera-

ture in the warm season and an increase in

the winter; increase in downstream flow,

during the normal low period, that will

more effectively dilute pollutants, and a

reduction in stream turbidity. Release of

impounded water will affect the stream

quality for some distance below the dam,

depending upon the water turbulence, air

temperatures, and the depth of water with-

drawal from behind the dam. References

(21-23) discuss the effects on water qual-

ity of impoundments in the Tennessee Valley

Authority reservoirs and in the Catawba

River, South Carolina.

Return Flows from Irrigation

In the irrigation of land, it is

necessary that the soil be well-drained so

that the plant roots do not become water

sick and so that salts do not accumulate

at the soil surface. A favorable salt

balance is attained when the drainage water

has a higher salt content than the input

water (_15 ) . Most irrigation projects are

provided with drains or waste-ways which

control the direction of ground water move-

ment in the root zone by returning excess

ground and irrigation waters to a receiving

strejim.

The amount of water required for

irrigation varies from less than two to

more than 10 acre-feet of water applied per

acre per year (J^). Of this applied water,

from 20 to 60 percent may find its way back

to the stream as return flow.

These return flow waters are more

mineralized cind have different physical

properties from the input waters. Their
return to a stream will produce marked
water quality changes if the quantity of
return flow in relation to stream flow
is significant. Some return flow can be

expected throughout the year with the

majority occurring at the height of the

irrigation season.

Domestic Sewage and Industrial Wastes

The quantity of wastes discharged to

to inland waters is continually increasing.
Their content of polluting material is

under surveillance by, and is in the pro-
cess of being controlled by, water pollu-
tion control agencies. Uncontrolled
discharge of these waste waters has, in

many instances, caused serious impairment
in water quality to the extent that fish
life could not exist. It is to be expected
that these waste waters will have an in-

creased reduction in their deliterious
effect on the receiving streams as waste
treatment and other control processes
become more common.

Soil Erosion

Poor land management practices, in

the form of overgrazing or improper culti-
vation, together with logging, mining or

construction activities that do not control
soil erosion, frequently impart so much
silt to a stream that all other forms of

water quality impairment become minor in

comparison. A change in vegetation, such

as from coniferous to deciduous trees, will
frequently result in an increase in the

water color.

WATER QUALITY EFFECTS ON FISH LIFE

Water quality affects anadromous

fishes in different ways. It may, if

adverse, discourage the adults in their

upstream migration; kill them by toxicity
or disease before they reach the spawning
grounds; cause them to not spawn when at

the spawning beds; destroy their eggs by

providing an environment unfavorable for

hatching; or it may cause the newly hatched
fish to die through destruction of the

young fish itself or its food supply. A

search of the literature for specific water
quality constituents and their effect on

anadromous fishes is not very enlightening.

Different species of fish and the seime fish
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at different ages have varying tolerances

to water constituents. The effect of a

particular constituent also frequently

depends upon the variation in concentration

of other constituents.

A concise statement on the nature of

the research and of the available data on
toxicity to fishes is given in the Califor-

nia "Water Quality Criteria" (17). It reads

as follows: "Not only are the references
dealing with fish innumerable; they are also

individualistic in their approaches to the

probleiTi. The conditions under which the nu-

merous investigators conducted their experi-
ment varied widely and were seldom stand-

ardized. Hence, the results of several
investigators of the same pollutant may not

compare closely. This wide discrepance
arises from variations in the species of
fish or other organism used, its prior han-

dling, the temperature, the dissolved oxygen

content, synergistic and antogonistic sub-

stances, the hardness and other mineral
content of the water, and the time of expo-

sure."

There is a dearth of specific infor-

mation on water quality and fish life, and

a need for more study on this subject. It

was decided to make water tests for only
those constituents regarded as harmful to

fish life and to make other tests which
would be helpful in general water quality
evaluation. A study of this nature can

concern itself only with those substances
which are likely to be present. The reader
is referred to reference (.5} for a more
complete discussion of toxicity of the var-

ious elements and compounds.

FIELD SAMPLING AND ANALYTICAL
PROCEDURES

Sampling procedures were developed
to obtain as nearly a representative sample

as possible from the station to be sampled.

The procedure had to be within the limita-

tions of time, personnel, and equipment
available. There was good vertical mixing
at all of the stations as determined by
temperature and water quality checks at the

stations. In the smaller streams no signi-
ficant difference in water quality could be

found within the cross-section. In the
larger streams, there was occasionally a

slight chcinge in water quEility across the
cross-section because of insufficient

horizontal mixing below a tributary. Two
or three samples were collected at about

mid-depth across the cross-section of the

stream on each visit. Three samples were

collected from the large streams and two

from the small streams. The water quality

values reported are an average of the con-

stituent values found on each visit .

Sampling stations were visited from 2 to 4

times during the summer months and less

frequently during the remainder cf the yeai

.

The water sampler most frequently

used was a 1200 ml. improved-type Kemmerer

sampler. This sampler is lowered in open

position to the desired depth ( in a lake

or where the stresim flow is not rapid) and

then a messenger is sent down the attached

line. This messenger trips a set of hold-

ing forks and rubber stoppers move in to

seal the cylinder of water within the sam-

pler. Sample bottles are carefully filled
from the sampler by use of a rubber tube

at the sampler base. Sample bottles used

were the regular A.P.H.A. B.O.D. bottles,
having a ground glass tapered stopper and

holding about 300 ml. A weighted, dis-

placement type, sampler was used where the

current was swift or where the water was

shallow. This sampler holds three B.O.D.

bottles. During filling, to insure a re-

presentative sample, the contents of the

bottles are displaced 3 times into the

outer container. This type of sampler

begins to fill immediately on lowering jind

is therefore not suited for deep reservoir

or lake samples.

Water quality determinations were
made: (a) in the field at, or shortly

after the time of sampling, for those

qualities whose value would change on
standing; (b) in the laboratory within a

day or two following sampling for those

determinations not greatly affected by
standing or where field testing would be

most difficult; and (c) by a private test-

ing laboratory for element analysis. All
analyses were in accordance with "Standard
Methods" (19) unless otherwise noted below.

Determinations made in the field and

the analytical procedure used were as

follows

:

a. Temperature - a centigrade ther-

mometer, reading to 0.1° C, was
dipped in the water when possible.

If not, a portable resistance
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thermometer was used, reading to

about 0.1° F. , which could be
lowered to any desired depth for

a temperature reading.

b. pH - these values were generally
measured electroraetrically , using
glass and saturated calomel elec-
trodes standardized against a

buffer solution. Colorimetric pH

determinations were made, using a

glass disc color comparator when
£in electrometric unit was judged
unreliable (following a trip over
rough roads) cind as a check on
the electrometric measurement.

c. Dissolved oxygen - samples were
dosed at the time of collection
with reagents for the sodium
azide (Alsterberg) modification
of the Winkler method. The per-
centage of saturation was com-
puted using sea level saturation
values at the temperature of
sample collection. The percent-
age of saturation values were not

corrected for the altitude of
sample collection, i.e., baro-
metric pressure.

d. Carbon dioxide - total carbon
dioxide was approximated by
adding 0.02 N NaOH to the phenol-
phthalein endpoint in a carefully
collected sample.

e. Ammonia - sample was preserved
with 0.8 ml. of concentrated

^2^^4 P^^ liter of sample at time

of collection.

f. Alkalinity - total bicarbonate
and carbonate (if present) alka-

linity were determined by titra-
tion with 0.02 N H2Sq, against the
phenolphthalein and methyl or£Lnge

endpoints.

g. Hardness - total hardness was
measured by titration using the

Schwarzenbach method. Carbonate
cUid non-carbonate hardness were
calculated, using the total
hardness—total alkalinity rela-

tionship.

Determinations made on samples brought
back to the laboratory and the analytical

procedures used were as follows:

a. Color - "Aqua Tester" was used
to measure color by comparison
with a glass disc calibrated
against platinum-cobalt standards.
Excessive turbidity was removed
by centrifuging when necessary.

b. Turbidity - A Hellige turbidime-
ter was used to measure low
turbidities. If turbidity values
exceeded 30, the sample was
diluted with distilled water.
The turbidimeter was calibrated
against a Jackson candle turbi-
dimeter.

c. Conductivity - specific conduct-
ance was measured using a Wheat-
Stone bridge and a specific
conductance cell, calibrated
against a standard KCl solution.
Values were recorded in micro-
mhos/cm. , corrected to 25° C.

d. Ammonia - determinations were
made by direct nessler ization in

nessler tubes, and color readings
were made by comparison with
permanent standards, or from an

electrophotometer calibrated
against permanent standards. Pre-
cipitated interfering substances
were removed by filtration or by
centrifugation.

e. Sulfates - turbidimetric method
was used by precipitating the

sulfate ion with the barium ion

in acid solution. Turbidity
values, converted to p. p.m. of
sulfate ion, were read from a

Hellige turbidimeter calibrated
against standard sulfate solu-
tions.

f. Total solids - 100 ml. of sample
was evaporated to dryness over a

water bath, dried for at least
one hour at 103° C. , and weighed.
Total solids and dissolved solids

will have about the same value
for nearly all stations where
turbidities were low.

Samples for element analysis were
periodically sent to a commercial labora-

tory set up for this type of analytical
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work. The elements they tested for and the

methods used were as follows:

a. Iron - Thiocyanate method, refer-

ence (_12), 9th Edition.

b. Copper - Carbonate procedure,
reference (19)

.

c. Zinc - "Colorimetr ic Determina-
tions of Traces of Metals" by
E. B. Sandell, p. 458.

d. Aluminum - reference (19) , 9th
Edition, p. 50.

e. Calcium - flame photometer against

standards.

f. Magnesium - reference ( 19) , titan
yellow.

g. Sodium - flame photometer.

h. Potassium - flame photometer.

i. Lead - Sandell dithizone method
(modified)

.

j. Manganese - reference (19)

,

periodate method.

k. Silver - Sandell, dithizonate
method, p. 400.

daily analysis of each sample. This becomes

a virtual impossibility when the number of

samples and constituents tested for are

large. Collection of daily samples by a

local resident of the area is a good and an

inexpensive way to get numerous samples.

It has the disadvantage of not permitting

a test for dissolved gases, ammonia, phos-

phates, etc. and the samples have been

stored for a considerable period prior to

analysis which will affect pH, alkalinity,

turbidity, nitrate and solids values.

On this contract, because of the large

number of sampling stations involved, be-

cause of the necessity of measuring dis-

solved oxygen et cetera at each station,
and because of a limited budget, it was not

possible to get frequent samples at each
station. Stations were sampled (composites

at each station of two or more individual

samples) with a frequency of at least once

a month in the winter and up to 10 times in

the summer months.

Hydrogen Ion Concentration (pH)

These values were measured in the

field at the time of sampling with colori-

metric indicators cind also with a portable,

battery operated, glass electrode pH meter.

The glass electrode method usually gave pH

values from 0-0.4 units higher than those

given by the colorimetric method. Colori-

metric values would differ by 0-0.2 units,

depending upon the indicator used.

RELIABILITY OF WATER QUALITY DATA

The water quality of a stream is con-

tinuously changing. In a given stream, the

value of the constituent tested for will

vary with the rate of strecim flow, with the

water use and with the air temperature or

season of the year. To obtain a reliable
documentation of the water quality, one has

the problem of determining how many and how
frequently water samples should be collected.

In their 12 established sampling stations

in the Columbia River Basin, the U. S. Geo-
logical Survey normally collects a water
sample each day. These samples for three

10-day periods are composited in ratio with

each sample's conductivity. Thus, three

constituent values are determined during

each month of sampling. Even with these
numerous samples, there are abrupt changes
at some stations in the constituent values.

The most accurate procedure would be the

All of these pH values are at best,

approximations, for the following reasons:

1. Colorimetric methods are subject

to error from color perception of
the observer, deterioration of
the standards or the indicator and

from pH alteraticns by the indi-

cator in poorly buffered samples

of water (_12).

2. Electrometric methods are affected

by temperature of the sample. As

the sample warms, the pH will rise

because of an increase in ioniza-
tion in the sample and because of

the nature of the electrodes them-

selves. This change in tempera-

ture was compensated for with the

meters used when the water tem-
perature was well above 10° C.

When the water temperatures were



around 10° C. or lower the pH

readings would be low. Thus, if

a sample warmed from 10° C. to

20° C. from the time of sampling

to the time of pH measurement,

the pH read would be above that

actually existing in the river.

Electrometric pH values should

be recorded with the sample tem-

perature at the time of pH mea-

surement .

Dissolved Oxygen

Recent laboratory studies in England

by Truesdale, et al. (18) have shown the

presently accepted (see reference Jl_9) dis-

solved oxygen saturation values at sea

level to be in error by as much as 4 percent.

The present values are high according to

these researchers (see below).

Percent error in

Temperature present values (high)

0° c



Table 6.— Water quality summary - monthly average.
[Chemical characteristics in mg. /liter where applicable]

Sta: Columbia R. at IfcWary Daa

Summary Ptrlod: 195^^ - 55 - 56 - 57

Sta. No. D««ignatlon : C-292.0
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Table 7.—Water quality summary - monthly average,
[chemical characteristics in mg. /liter where applicable]

ita: SoaiiB Ri at Mouth

SuauaJTr ioriod: J.??** " 55 - 56_
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lable 8.—Water quality summary - monthly average.

[Chemical characteristics in mg. /liter where applicable]

cita: Columbia R. - Pasco jta. No.: 16 l'QS-£t»r.ticii: C-328-5
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Table 9.—V/ater quality summary - monthly averaige.

[chemical characteristics in mg. /liter where applicable]

^ta: Yakima R. Enterprise Ota. iio. 17 I'esi
'

Month

Year

Soianarj" i -jriod

Jan.

t

Jan.

1

Feb.

1

.125'*

' Mar.

I'

Jl

1

I

2.3. 2.2

Water "F ! 32-0 39-0

Aix ofS 20.8; 38.0

Dl8. Qxy^ 13-9 13.1

% oatur. [_ 95

Car. :>i.' 3-0

AauDOQla

Total /luf

,,,, . r

.5
I

Tot. ivard

Z ar I'ard

,

!. . w. H»
I

^lifatee
^

^olor

Tiirtid.
;

iron

Jc.Ver

iinc

Lead

T

97

97

87

87

9

10

18

O.OU

100

4.0

'7.6

T
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95

95

14

5

27

0.03

0.000 0.040

2o7

kk.k

44.5

12.0

98

2

7.9

0.05

105
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100

16

18

25

0.15

0.0

Apr.

J
1

13.U

53-7

57.5

10.3

101

3.0

8.1

0.13

62

62

53

53

7
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34

^•

~2,3

2

3o3

58.5

62.6

10.0
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2.8

7.4

0.10

55
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46
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0.01

0.0

June
I

July Aug.

1,2,3 1/2,3 1,2,3

Aluminum! 0-03

./alcius

.'•.agnea.

j odium

Fotaes.

Karigan.

b liver

Tot. Sol.

Conduct.

11.0

4.4

4.5

'1.6

0.03

27.0

5-5

17.0

2.4
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4.5

14

2.5

0.0

1.0

0.5
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0.2

! 186^ 164
^

P230
,

274
J

i -. 0. yi^ur.

onductlvity ir

1 - 1954
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3 - 1956

178 . 310 226

256_]l34 [ 156

3

8o7

63.1
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9-3
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1-3

7.6

0.28
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56
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0.13

0.05

0.03
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2.1

15-5

1.8

7

h.7

69.1

75-7

9-7

107

0.5

8.1

0.12

87
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3

76
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11

18
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190 182

135 1 185

11
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10.8

121

0_

8.5

0.07

141
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0.0
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0.21
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3.4
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Table 10.—Water quality summary - monthly average.

[Chemical characteristics in rag. /liter where applicable]

-ta: YakJ
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Table 11. --Water quality summary - monthly average,
[chemical characteristics in mg. /liter where applicable]
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Table 12. --Water quality summary - monthly average.
[Chemical characteristics in mg. /liter where applicable]

-t,3: Crab Creek at Beverly



/ ^
I
e C«

g-

02

60-

I

O
M

I"
2 X
&-0

«o-

110-

100

90-

8.5-
X
Q.

8 0-

400-

3M-

300

60-

< ;

Z '

O
;

< .

40-

20_

250-

\ y \ \

\ I A

/t^

M

/\

I

^/—

200
o a:

X

190
Jis VI' ..s OCT >iOi de:

CRAB CREEK AT BEVERLY

Average Monthly iVcrer GuOlity

1954-1957
FIG. 19

46



+
oO

u

3
(0

O
Oo

+
O

u3
O



Table 13.—Water quality summary - monthly average.

[Chemical characteristics in mg. /liter where applicable]

Ota: Columbia River below Vantage _i>t&. No.: 38 DeBlgnation: g jj^pp

iiumimy period: I??'* - ?5 - ?^ - ?7
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Table 14.—Water quality suramary - monthly average.

[Chemical characteristics in rag. /liter where applicable]

5ta: Columbia River at Rock Island

Suumarj' reriod; r??^ ^ r- -
" 5° " 57
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Table 15.—Water quality summary - monthly average.
[Chemical characteristics in mg. /liter where applicable]

:itfi: Nason Creek (Neax Mouth



Table 16.—Water quality summary - monthly average.

[Chemical characteristics in mg. /liter where applicable]

ita: NaBon Creek ^-ta. ."to,.- ._ '.esl.-naticn:

U.S.F. * W.S. 19W DatoSuanary leriad:

Montn !
JanJ^Frt. 1

Year
| ^_

ia.. flee •

\

Mar I Apr.
^T

4 -

L

Al]|

h

CfS 10^ [

Air "F

Dls. Qxy.

i ^atur. ,_

Car. Di. _

Ph

Ammonia

Total

HCO-

CO^- I

Tot. Hard

Car Hard.

M. C, .u I

Sulfat98 .

Z olor ;^

Turbid.
1

Iron I

.Jj,.psr 1.

^inc
[_

L«&d
I

c. lu;rdnura L

I

i-

\--

-4-

i

[

50

10.8

96

2.k

May

6

J^.8

10.8

87

1.8

6.9

4 :_

i_ ..._. 4.,

50(7) 11

50(7) u

Calciuffl
j 1

- r

June July Aug. Sept. Oct. Nov.

n.o
92

2.1

.6.9

13

13

....4--

D«c.

i odium

rotesa.
,

Mangan.

Silver
I

Tot.iol.
I

Conduct.
I

_1 _ J ; :.-.__!_

,* C. C. sBtur. is at sea level; 'JL)<:i'.i.'Ut,;'

>'.onductlvity in mlcromhos ^tv ct.. -.t 25 "^

I 61
j

f
-

.10 s
3.00

^. 1.8 __

. 7.1

22

22

1

10.9

93

1.8

-6.9

16

16

38.5

12. 2„

92

2.0

7.0

11

11

H.wi hhrdiiose as e j-,u.v;U.erri> Cc.>yj^;

55
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Table 17.—Water quality summary - monthly average,
[chemical characteristics in rag. /liter where applicable]
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Table 18.—Water quality summary - monthly average.

[Chemical characteristics in mg. /liter where applicable]

^ta: Wenatelw River (Belov Plain)

iuHnary 1 eriod: J"— 3-955 to Mfcrch 1957

J3ta. No. : j^j_^ Ueslgn.ticn: __gy_^^Kjj^_

Month

oa.pl«B

CfS icP

Water °?

Air "r*

Jan.

1

0.95

32.0

_12 -5

Feb. Iter.

t.

Apr.

8

1

Nay ' J\iM

4^
0.80

32. U I

28.0 _

Dla. Oxy^ 13.7 ! 13.2 i 12.6

% aatur. [3^
;
92__ |_95 __

Car. Pi. ' 2.0
;

6.5
|

2

2,3

2

0.7U: 2.70

38^6 42.8

16. 2«, 47.2

Ammonia T

Total Aui 16

HCO,
V
16—I-

Tot. liartT^-'*

'J ST oardd llf

N. C. H.

Sulfates

Color

Turbid.

I

i 5.0

lie

T

23

23 „

23

23

2.9

5 .

5

0.1

19

19

15

2.8

A
k

. n,7

J
9^*

i 2.0_

',- i-3

0.21

. 15.

.

:

°
' 2U

:^5

9

50

1*0

2

1

11.80

US.

2

58.1

_U.7
101

_2J
7.3

o.oe

.17_ .

18

17

1

2.k

ko

16

1'2

2

S.liO

W.o

.56.8

u.o
94

6^86

0.07

10 _

10

13

10

3

X.5

5

13

1

July

1.2
.

5.70.

S'^-O
,

64.8
i

iQ.3 '

96

. 1-.7 ^
7,1.-

0.10,

11

11

12

11

1

1.8

5

k

Aug.

1/2
^

4

1.90

62.1

64_.2
.

9..I

93

_ 1..8 .

l.k

0.19

14

14

U
11

1.5

5

12

'T
Sept.

1,2

4

0.82

58.2
.

56.4
.

9A..
94

1-2

7.2

0.09

17

17

16

16

1,6

4

4

I ror. I

GOj^per 1

Lead

Aluminum

CalcluD

Magnes.

Sodium

fotaas.

Harvgan.

Silver

Tot. Sol.

Conduct.

•i--

Oet. ^
1,2

3

1.1*0

1^9.7.

44.0.

10.5.

93 •

1.5-

7.»H.

0.09_

15
,

2_.

2

Dec.
-^- -— r

—

, 1

i.iio 1.90

40.9 39.-2 .

25.1

12x3

9'* -._

. 1,Q__

15

13

13

9

7 _

31.5

12.2

95

_J.._8

7.5 . 7^-_
p.Ol 0.01 _

13 . li _.

13 13 _

12

12

.._

13

13

_

2.6

5

^7- .

5-5

12 ..

15

-+

[_59.

^6
.i37

J 36

b.30

29

42 39 3683 : ui

63-5 J 1*3 - J 36 L29 25 J 24 31

»*.'jr. is at se>-. ie'.-elj cJ.'<aiini'--7 'i.id V. ^rd.'^-ase as equivalent CeCO^;

.33

l33

27

2^

78_

37.

59_
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/ a,

.'onductivitj' in nilcroiriios j.^.- en. it 2p
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1 - 1955 2 - 1956 3 - 1957
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Table 19.—Water quality summary - monthly average.
[Chemical characteristics in mg. /liter where applicable]

5t»: Wenatchee River (Tmnwater C>nyoa) ^ta. lio.: k6__ ^'osisnatlon: CW 503

oujir.ji7 i eriod: June 1955 to March 1957

Mar. TApr. May

2,3
i

2"
i
Y^

1
J-IT

Aationia p.l5 0.10 , 0.1

Ictal AU< 19

CO,*

19

Tot. Har(
I 25

Car .-lard 1 17

H. C. H.

Sulfate*

Color
[

Turbid.
I

Iron

Gcp;>«r ^

^.Inc
[

Lead
[

Alumlnumj

valciua 1

8

8

10

0. 05

O.OOO

2k

2k

31

2k

7

2.8

8

3

I 23

;

23

!
°

! 29

.
23

6

30
10

12

1 1
I

( - -

2.70 11.80

1+3.7
;

59-7

11.9

97

2.0

7.0

T

13

13

13
!

5-97

17

22

98

2.0

7-0

0.25

25

25

30

25

5

3-0

38

33

2

6. ho

43.9

61.7

11.0

96 .

1.8

6.94

0.05

10

10
t

12

10 ;

2
i

8

12

1,2

5

5.70

54.6

68.6

10.2

96

2.1

l,k

0.12

11

11

12

11

1

20
5

6

' Aug. Sept.
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Table 20.—Water quality summary - monthly average.

[Chemical characteristics in mg. /liter where applicable]

itai

Month

Columbia R . at Beebe Orchard Bridge -'^^- Ho. i _i£2__ ^®*J^S"'^^i'^^' _C_5Qk

SuMcary ierlod: April I956 - January 19$7

0.00
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Table 21.— Lake Wenatchee water quality summary.
[Chemical characteristics in mg. /liter where applicable]

June 1955 to February 1957

Date



Table 21 - cont'd.

Date



Table 21 - cont'd.

Date



Table 2i - cont'd.

Date



Table 21 - cont'd.

Date



Table 21 - cont'd.

Date



Table 22 - Lake Wenatchee Water Quality Data Collected by
U.S. F. & W.S. in 1939

Avg. Water % CO2 pH Total
Sta. Depth Air. Temp. D.O. D.O. Alk.

Date No. Feet Temp.-'- "F mg/l Satur rag/l mg/l

9-19-39 1 1 63 60. h 8.9 89 0.8 7.2 8.5
2 60e3 8.8 89 1.0 7.2 8.5

100 50.h 8.8 78 3.0 0.7 8.5
lliO* h6.h 8.3 70 li.2 6.6 9.O

9-19-39 2 1 63 59.2 8.9 88 1.1 7.3 9.5
50 57. h 9.0 87 1.7 7.1 9.0

100 U9.8 8.9 79 3oO 6.7 9.0
150 U5.9 8.8 7h 3.8 6.7 9.5
200 15.0 8.5 70 I4.0 6,6 9,0
222*

10-12-39 2 1 61i 57.7 9.5 92 2.0 7.1 9o0
50 51t.7 9.5 89 2.0 7.1 9.0

100 52.2 9.0 8L 3.0 6,9 9.0
150 I16.O 9.1 77 U.O 6.6 8.5
200 U5.0 8.7 72 h.S 6.6 8o5
220 I45.O 8.5 70 5.0 6.6 9oO

10-29-39 2 1 5U 52.7 9o6 88 2.0 7.1 8.5
50 52.0 9.5 86 2„0 7oO 8.5
100 51.1 9.5 85 2.0 7oO 8.5
150 hb.7 8.5 72 h.5 6.6 8.0
200 U5.3 8.5 71 h.S 6.6 8,5
220 15.0 7.8 6U 5.5 6.6 8.5

9-20-39 3 16? 60.3 8.9 89 1.3 7.3 9.5
12* 59.7 1.5 7.2 9o0

9-20-39 I 205* 67 I45.O 9.0 75 1.0 7.3 9.5

9-22-39 U 1 70 60.

h

9ol 91 1.2 7.2 9.0
50 57. h 8„9 86 1.5 7.1 9o0
100 52.2 8.6 78 2.7 6.9 9.5
150 li6„0 9.0 76 3.2 6.7 9,0
200 h5.0 8.8 73 U.O 6„b 8.5

10-27-39 li 1 39 52o3 9o6 87 1.5 7.1 9.0
50 52.3 9o5 86 2.0 7ol 8.5
100 5I06 9.7 88 2.0 7.0 8.5
150 U6.2 8.9 75 U.O 6o7 8.0
205* h5.0 8.0 66 5.0 6,6 8.0

9-2U-39 5 1 66 58.3 9.0 88 1„5 7.2 9.0
50 57.0 8.9 8b 2.0 7ol 9.0
100 5I1.O 8o7 81 2.5 6„9 8.0
138* 18.

2

8.2 71 UoO 6.6 7.5

» Total depth at station
1 At Laavenworth

76
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Table 23 - Minimum, Weighted Average and Maximum Observed

Constituent Values at Station Indicated^, 195U-1957

Columbia River
McNary Dam

Snake River
Near Mouth

Columbia River
at Pasco

Yaldma River
at Enterprise

GFS 103

Wt.

Min. Avg. Max.

Wt.

Min. Avg. Maxo

Wt.

Min. Avg. Max. Min. Avg. Max.

85 210 556 19 56 199 oO l5l 11^7 lo50 1.8 lh.2

Water 'F



Table 23 Cont'd

Silver

Columbia River
McNary Dam

Snake River
Near Mouth

Columbia River
at Paoco

TTCT
Avg. Max. Win. Avg. Max. Min. Avg.

Yakima River
at Enterprise

Max. Min. Avg. MaXo

O.CO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 OoOO 0.00

Tot Sol.



Table 25- Minimum, Weighted Average and Maximum Oboerved

Constituent Values at Station Indicated '•, 1951-1957

Yakima River
Above Thorp

Wenatchee River
Near Mouth

Crab Creek
Near Beverly

Columbia River
Below Vantage

CFS 10-

TIT", wn
Min. Avg. Max. r^tln. Avg. MaXo Min.
"037 1.61 h.57 0.6 U.U7 19.9 0.021

"ITT. vir.

Avg. Max. Min. Avg. MaXp

O.OLl 0.081 Sh lll9 Elf

Water "F



Table 23 Cont'd



Table 23- Minimum, Weighted Average and Maximum Oboejrved

Constituent Values at Station Indicated -', 195U-1957

Columbia River
at Rock Island

Nason Creek
Near Mouth

Chiwawa River
Near Mouth

mr.

Wenatchee River
Below Plain

mr.

Min Avg. Max. Min. Avg. Max. Min. Avg. Max. Min. Avg. Max.

CFS 103 J9 137 HCF 0.09 0.79 3.51 0.58 3.Ut) 9.51

Water "F



Table 23 Cont'd

Colii-nbia River

at Rock Island
mr.

Min, Avgo HslXc

Nason Cr^-.ek

Near Mouth
Chiwawa Rivsr

Near Mouth
Wenatchee River

Below Plain

Wo mrr
Min. Avg. Max, Min. Avg. Max„ Min. Avg. MaXc

Silver



Table 25 - Minimum, Weighted Average and Maximum Observed

Constituent Values at Station Indicated^, l?5l4, 1957

Wenatchee River
Tumwater Canyon

Wt.

Min. Avg. Maxo

Columbia River
Beebe Orchard

Wt„

Min. Avg. Max.

CFS 103



Table 23 Cont'd

Wena tehee River
Tumwater Canyon

Col'jjnbia River
Beebe Orchard

Wt.

Min. Avg. Max. Min.

Wt.

AvR. Max.
Silver
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Table 25 - Temperature in Lake Wenatchee at

Station k2
, "F

Water Depth in Feet

Dat«



variations. Average temperatures listed in

tables 6-20 are averages of water tempera-

tures taken at the time of sample collection.

Table 25 (page 90) lists the water tempera-
tures with depth observed in Lake Wenatchee
on the sampling dates shown in the table.

Ice and snow prevented lake sampling during
the winter months and high winds frequently
made lake sampling difficult or impractica-
ble. Table 28 (page 95) lists the thermo-
graph stations established in the Wenatchee
River Basin by the Chelan County P.U.D. and

by the U. S. Fish and Wildlife Service.

Air temperatures affect the water
quality and the amount of flow in these
snow- fed streams. Air temperatures from a

nearby U. S. Weather Bureau station (20)

are shown in tables 6-20 as mean-monthly
temperatures

.

ANALYSIS OF DATA

General Discussion

The quality of water at all stations
sampled was satisfactory for aquatic life

(within limits of quality tests that were
made and of known fish tolerance to toxic-
ity) with the exception of summer water
temperatures that were above 65° F. in the
Snake River, lower Yakima River, Crab Creek
and the Columbia River from Pasco to below
McNary Dam. It has been demonstrated (35)
that the virulence of the indigenous myxo-
bacterium Chondrococcus columnaris greatly
increases when water temperatures exceed
65° F. These bacteria cause lesions in
fish and have resulted in the destruction
of large numbers of fish when water tempera-
tures were above 65° F. With the exception
of Crab Creek, the water quality at all
stations observed would be satisfactory for
public water supply if the supply system
incorporated facilities for removal of tur-
bidity, color and bacteria (31).

Dissolved oxygen values were high,
usually near or above saturation. All
streams were alkaline with the exception
of those in the Wenatchee River Basin above
Leavenworth where pH values below 7.0 were
observed for a portion of the year. Carbon
dioxide and ammonia values were low and

usually insignificant in magnitude. The
lower Yakima River, Snake River and Crab
Creek have relatively high constituent values
for alkalinity, hardness and sulfates.

Analyses for zinc, lead, silver and
manganese were made only in the period of
June 1954 to May 1955. These elements were
not found in any of the samples tested.
Traces of copper and aluminum were found
at all sampling stations. Sodium values
were high in Crab Creek (up to 135 p. p.m.)
and relatively high in the Snake River (up
to 38 p.p.m.). A discussion of the signifi-
cant water quality characteristics of each
of the sampling stations follows.

Columbia River at MaNary Dam
Table 6, Figures 7 and 8 :

Water quality and flow at this sta-
tion are influenced by the Sanke and Yakima
Rivers tributary 32 and 43 miles upstream
respectively. The Snake is a large river
and in May, the month of its peak flow, the
discharge is greater than half that of the
Columbia at the point of confluence. In
May, the Yakima River discharge is but 2

percent of that in the Columbia. Peak flow
at McNary Dam occurs in June when dissolved
constituents, such as those producing hard-
ness and alkalinity, are at a minimum for
the year. Turbidity and color would nor-
mally be highest in June. However, they
were greatest in March during this sampling
period because of 1957 construction work
in the Snake River for the Ice Harbor Dam.
Water temperatures rose from a low of 32°

F. in January and February to a high of
69° F. in August and September (see table

24, page 86). The river water was super-
saturated with dissolved oxygen from May
through September. Carbonate alkalinity
was observed from August through October,
a period when irrigation return flows were
markedly influencing water quality in the
Snake and Yakima Rivers. Calcium^ magnesium,
sulfates, sodium and potassium have their
greatest concentration during the period
of low-water flow from October to March.

Snake River at Mouth
Table 7, Figures 9 and 10 :

Average-monthly water temperatures,
dissolved oxygen saturation and carbonate
alkalinity (with pH) were greatest during
the month of August. Water temperatures
of 79° F. (table 24) have been observed in

the Snake as daily maximums. The average-
monthly August water temperature in the
period of 1954-1956 was slightly over 72°

F. High dissolved oxygen saturation
values (average of 119 percent, maximum of
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142 percent) are due to photosynthetic
activity of the plankton. Carbonate alka-
linity was observed from July through Decem-
ber with the maximum August value of 56
mg/1 as CaC03 occurring during the period
of peak irrigation return flow. Soluble
mineral matter, as indicated by the conduc-
tivity, calcium and magnesium, etc., was
greatest in the autumn and winter when the
reservoirs were drawn down and when the
river flow consisted largely of ground water.

High total solids, color and turbidity
values in February and March are not normal
values for these months. They were caused
by work on the Ice Harbor Dam, 8 miles
upstream from the point of sampling.

Columbia River at Pasco
Table 8, Figures 11 and 12 :

In a warm summer, the average-monthly
water temperatures in August and September
exceed 65° F. Carbonate alkalinity was
observed only during the month of August, a

period when carbonate alkalinity (C03= ) was
maximum in the Yakima River which discharges
into the Columbia River 5 miles upstream
from Pasco. Dissolved oxygen saturation,
corrected for elevation and saturation table
deficiencies (see discussion on reliability
of water quality data), is equal to or
greater than 100 percent saturation through-
out most of the year. Maximum color, tur-
bidity and total solids were observed in the
spring when the snow-melt at lower elevation
tions was proceeding most rapidly. Ionized
dissolved substances, as measured by conduc-
tivity, are least during June, the period
of maximum runoff.

Yakima River at Enterprise
Table



subject to fluctuation from irrigation
demands and from the discharge of surplus
irrigation water. Water temperatures up to

84.7° F. have been observed. Crab Creek
water is very alkaline, hard, highly turbid,
colored and it is extremely high in dis-
solved substances in comparison with other
Washington streams. Because of its small
flow, it has no appreciable effect on Colum-
bia River water quality other than along
the east bank below the point of confluence.
IXiring daylight hours, the creek is usually
supersaturated with oxygen. No dissolved
oxygen determinations were made during the

early morning hours of darkness. Some high
water quality values observed were: pH,

8.9; total alkalinity, 404; carbonate alka-
linity, 100; total hardness, 240; sulfates,
220; color, 125; turbidity, 440; sodium,
135; potassium, 50; total solids, 1650; and

conductivity, 1180.

Columbia



Lake Wenatchee
Tables 21 and 22 :

Table 21 (page 70) gives the water
quality constituents observed with depth by

the University of Washington from June 1955

through February 1957. Table 22 (page 76)

gives the constituent values observed with
depth by the U. S. Fish and Wildlife Ser-

vice in September, October and November of

1939. The U. S. Fish and Wildlife Service
and the University data compare very closely.

Dissolved oxygen saturation values have not

been corrected for altitude and the new
solubility values. Therefore, each satura-
tion value should be increased by about 9

percent, making most of the shallow samples
saturated with dissolved oxygen.

The hydrogen-ion concentration (pH)
is less than 7.0 (acidic) most of the year.
Alkalinity was all bicarbonate (HCO^-) and
never exceeded 16 mg/1 as CaC03. Both
carbonate and non-carbonate hardness were
observed with carbonate predominating. Total

hardness was usually less than 15 mg/1 as

CaCXDo. The water is clear, its color ex-

ceeding 10 only once and its turbidity was
usually less than 10. Total solids were
normally under 50 mg/1. Table 27 summarizes
tables 21 and 22 by listing the minimum,
average and maximum constituent values ob-
served at different depths throughout the

sampling period.

WATER TEMPERATURES

Strong winds blowing over the lake
tend to keep the water well-mixed with depth.

The only significant quality change with
depth is that of temperature. Stratifica-
tion, as determined by temperature measure-
ments, occurred only in the late summer and

autumn. (See section following on tempera-
ture observations.) Lake Wenatchee is a

typical oligothrophic lake that is low in

dissolved mineral matter, has a continuous
abundance of dissolved oxygen and has cold

water in its greater depths throughout the

year.

Tables 24 and 25 (pages 86 and 90)

present water temperature data in the sur-
vey area. Table 24 lists average-monthly
water temperatures computed from thermo-
graph records of the U. S. Fish and Wildlife
Service and of the Chelan C ounty P.U.D. The
average temperature is taken as the average
of the daily maximum and minimum tempera-
tures. Thermographs at Pasco, below Grand
Coulee Dam, the mouth of the Snake River
and the mouth of the Yakima River are oper-
ated for only a portion of each year.
Diurnal temperature variations (as shown

Table 27.—Lake Wenatchee, minimum, average and maximum constituent values
with depth in milligrams per liter. June 1^55 - February 1957.

Depth



Table 28 - Thermograph Stations in the Wenatchee River Basing

# 1 - 150' downBtr«ara from U.S.Q.S. gaging station at Lake Wenatchee outlet.

# 2 - Naaon Creek - on bridge to Lake Wenatchee State Park,

# 3 - Chiwawa River - 200' upstream from highway bridge

o

# U - Wenatchee River - 2 l/h miles below Plain bridge.

# 5 - Wenatchee River - at highway bridge above Tumwater Canyono

# b - Wenatchee River - at water Intake to hatchery about 2 miles above Leavenwortho

# 7 - Icicle Creek - at County Highway bridge near hatchery about 1 mile above
mouth

.

# 8 - Wenatchee River - at Peshastin Bridge.

# 9 - Wenatchee River - at Dryden Bridge. (Middle pier) (Above Dryden dry stretch,
where most of water now diverted for power)

#10 - Wenatchee River - spare instrument installed at Dryden Power Plant canal
intake

,

#11 - Wenatchee River - at Stein's Hill, about 2 miles above Cashaere.

#12 - Wenatchee River - at Monitor Bridge on Wenatchee River. (Summer operation
only)

•«• Stations 1-11 established by Chelan County P.U.D. in Augiist, 1955
Station 12 is maintained by the U.S. Fish and Wildlife Service.
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in tabic 24) are large at some of the

thermograph stations during the periods of
warm, sunny weather and cool evenings from
May through September. Maximum observed
diurnal temperature variations during the

survey period were: 3° F. in the Columbia
River at McNary Dam; 7° F. in the Columbia
River at Pasco; 2° F. in the Columbia River
at Rock Island; 3° F. in the Columbia River
below Grand Coulee Dam; 5° F. in the Snake
River; 9° F. in the Yakima River near
Richland; 15.5° F. in Lake Wenatchee outlet;
10° F. in the Wenatchee River at Monitor;
11° F. in Nason Creek; 10° F. in the Chiwawa
River; 10° F. in the Wenatchee River below
Dryden; 6.5° F. in the Wenatchee River above
Leavenworth; and 8° F. in the Wenatchee
River below Plain.

Figures 35 and 36 illustrate the wide
range between the minimum and maximum daily
temperatures observed in each month of the
year during the survey period. For example,
the minimum temperature of 36° F. shown on
figure 35 for the Chiwawa River during May
is the coldest temperature observed in the

Chiwawa River during May of 1956. Daily
water temperatures in excess of 65° F. were
observed at all stations with the exception
of the Columbia River below Grand Coulee
Dam, Icicle Creek and the Chiwawa River.
Average-daily water temperatures in excess
of 65° F. persisted for a month or more in
the Yakima River near Richland, in the mouth
of the Snake River and in the Columbia River
at McNary Dam and at Pasco. They approached
this value in the Wenatchee River during
August 1956.

Figure 37 is a plot of 1956 water
temperatures in the Wenatchee River from
Lake Wenatchee to Monitor, 5 miles from the
river mouth. It shows the moderating effect
of Lake Wenatchee on Wenatchee River water
temperatures. From September until March,
Lake Wenatchee discharges water warmer than
that found downstream while from March
through August, the lake discharges cooler
water than is found downstream. In August,
there is a marked temperature rise from the

lake outlet to Plain, 9 miles downstream,
followed by little temperature change through
Tumwater Canyon to below Dryden, a distance
of 31 miles. A marked temperature rise
again occurs between Dryden and Monitor (a

distance of 10 miles) as the river meanders
through a flood-plain offering little shad-
ing from solar radiation. In May and June,
the colder waters of Icicle Creek reduce
the river temperature below Leavenworth.

Table 25 (page 90) is a tabulation of
water temperatures with depth observed in

Lake Wenatchee from July 1955 to December
1956. Figure 38 is a plot of these tempera-
tures at selected depths during 1956. Maxi-
mum temperatures occur in August or Septem-
ber. Vertical currents, set in motion by
wind action, warm the entire lake during the

spring and summer. Temperature measurements
were not made in the winter when the lake

was frozen because of the difficulty and

danger in getting over the snow-covered ice.

In the winter, it is likely that the upper
10-2 5 feet are at 32° F. and that the deeper
water is at the temperature of maximum den-

sity, 4° C. or 39.2° F. Thermoclines were

Table 29. --Average monthly water temperatures in the Wenatchee River at Monitor,
U. S. Fish and Wildlife Service thermograph station, 5 miles from river mouth.

Average 1954

Average 1955

Average 1956

Minimum recorded

Maximum recorded

Maximum diurnal variation

Minimum diurnal variation
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observed in August and September. The
depth of the thermocline would vary from 10

to 125 feet, depending upon wind velocities
and duration. Below 100 feet in depth, the
lake temperature will usually be under 50°

F. Figure 39 (page 101) is a plot of typi-
cal temperature gradients observed in the
spring, summer and autumn. Vertical mixing
of the entire lake can be expected in the
overturn periods in the spring and autumn.

WATER QUALITY CHANGES FROM UPSTREAM
TO DOraSTREAM LOCATIONS

Figures 40 and 41 depict the change
in water quality in the Columbia River
during the month of August 1956 as the
river flows from the upstream station at

Beebe Orchard Bridge to the downstream
station at McNary Dam, a river distance of
212 miles. In general, the Columbia River
water quality changes are small between
Beebe and Pasco. The increase in water
ten^erature is the only significant change.
Values shown below Vantage for temperature,
calcium, sodium and conductivity tend to

be high because of the sampling station
location. The decrease in alkalinity,
hardness and conductivity below Beebe is

due to the dilution afforded by the higher-
quality water in the Chelan, Entiat and
Wenatchee Rivers. An abrupt increase in
constituent values occurs between Pasco and
McNary Dam, caused by the warm, mineralized
Snake River which is tributary to the
Columbia River below Pasco. For the period
depicted on figures 40 and 41, the water
temperature increases from 66.4 to 67.5* F.

between Pasco and McNary Dam; total alka-
linity from 60.5 to 79 mg/1 ; total hardness
from 66.5 to 75 mg/1; sulfates from 11 to

19 rag/1; calcium from 19.4 to 21.4 mg/1;
sodium from 2 to 5 mg/1; total solids from
100 to 140 mg/1; and conductivity from 145
to 176 micromhos per cm.

Figures 42 and 43 (pages 105 and 106)
show the change in water quality for the
i\natchee River in August 1956, as it flows
iiom Lake iVenatchee to its confluence with
the Columbia River, a distance of 55 river
miles. Nearly all quality values Show a

gradual increase from Lake Wenatchee to the
river mouth. Water temperature increases
from 57.5 to 64.9° F.; total alkalinity
from 9 to 18 mg/1; total hardness from 8 to
16.5 mg/1; calcium from 1.5 to 5.3 mg/1;
magnesium from 0.4 to 2 mg/1; sodium from

0.9 to 2 mg/1; total solids from 21 to 58
mg/1; and conductivity from 20 to 49 micro-
mhos per cm. The decrease in sulfates
below Lake Wenatchee was caused by dilution
of Lake Wenatchee water with lower-sulfate-
bearing water in the Chiwawa River and
Nason Creek. A reduction in conductivity
is shown between the station below Plain
and Tumwater Canyon. This reduction is not
correct as all other data show a slight
increase in conductance between these sta-
tions. The apparent reduction was caused
by one sample at Plain having an excessive
conductance reading which might have been
deleted for this monthly summary.

WATER QUALITY CHANGE
1910-11 to 1954-57, Wenatchee River

In 1910 and 1911 Walter Van Winkle
made a comprehensive study of the chemical
quality of Pacific Northwest streams for
the U. S. Geological Survey (27). The
Wenatchee River at Cashmere was included
in this study. Between 1911 and 1954
(beginning of the University of Washington
study) very little water quality data were
obtained on the Wenatchee River (28).
Table 30 (page 107) and figure 44~and 45
(pages 108 and 109) show the constituent
values in the Wenatchee River at Cashmere
for 1910-11 and at Sleepy Hollow (near the
river mouth) for 1954-57. Sleepy Hollow
data are comparable with Cashmere data as

there are no intervening tributaries and
the stations are only 5 miles apart. The
data presented can be compared only in a

general way since the flow was different
for each month and since the sampling fre-
quency was not uniform for both periods.

Between 1910 and 1950 the population
in the Wenatchee River watershed increased
from 6,200 to 12,000 persons while the ir-

rigated acreage increased from 19,000 to

26,000 acres. Irrigation works were in

their maximum period of development around
1910 (7). Impoundments for power and irri-
gation diversion are minor. Domestic and

industrial waste discharge to the river
has had no significant effect on the water
chemistry. Principal watershed changes
during this 45-year period have been in

roadbuilding, agriculture and in logging
where many coniferous trees have been
replaced with deciduous trees. It is then

to be anticipated that the water chemistry
in 1954-57 would show some increase in
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BEEBE ORCHARD BRIDGE TO MCNARY DAM
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FIG. 40
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WATER QUALITY CHANGES IN COLUMBIA RIVER

BEEBE ORCHARD BRIDGE TO M^NARY DAM

MONTH OF AUGUST, 1956

FIG. 41
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dissolved substances, turbidity, and color, Tab

over that observed in 1910-11 because of (weighted

soil tilling, removal of natural vegetative values fo

covering and because of the addition of Values we

deciduous tree leaves that impart color to where dat

water. periods.

Table 31.— Weighted-average constituent values
in the Wenatchee River, 1910 and 1954-57*.



individual analyses over a period of a year.

The concentration of a dissolved constituent

is not inversely proportional to flow on a

direct basis. During high-flow periods, the

concentration of a constituent per unit

volume of flow is less than during low-flow
periods

.

Perhaps a better method of constituent
comparison between time periods could be

made on the basis of annual pounds dis-

charged, providing there was not a great

difference in the yearly discharge between
the time periods. Since the mean annual

flows in these two periods under comparison
are close, table 32 has been prepared to

show the constituents discharged during
these two periods in 10-^ tons per year. On
this basis, the percent increase in constit-
uents between 1910-11 and 1954-57 was:

Total alkalinity 46; calcium plus magnesium
54; sodium plus potasfium 29; total solids

48; and total hardness 39 percent. Iron
values were substantially the same while
sulfate decreased 70 percent. This compari-
son method gives higher-percentage increases
for most of the constituents.

In summary, the activities of man in

the Wenatchee River Basin between 1910-11

and 1954-57 has increased the dissolved
constituents in the river, on am overall

basis, of about 40 percent and the color
and turbidity have perhaps doubled.

CHANGE IN DISSOLVED CONSTITUENTS
BETWEEN RIVER STATIONS

The specific conductance of a natural
water indicates the total concentration of

the ionized constituents and it usually
correlates closely with the dissolved solids

or residue in the water. Determinations
for specific conductance are rapid, precise

and the sample is not consumed or altered.

Table 33 gives the average ratio (of a

large number of individual determinations)
between dissolved solids sind specific con-

ductance for stream stations in the survey
area. Values shown for the Wenatchee River
are subject to error (solids values too
high) since they were computed on the basis
of total and not dissolved solids. (Uni-

versity of Washington quality tests were
made for total solids and not for dissolved
and suspended solids.)

Since individual specific conductance
values are subject to less error than are

individual solids determination, the ratios
of dissolved solids to specific conductance
from table 33 were used with specific con-

ductance values from tables 6 to 21 to get

Table 33.—Ratio of dissolved solids to specific conductance —1/

Stream

Columbia River at Grand Coulee

Columbia River at Maryhill Ferry

Yakima River at Cle Elum

Yakima River at Kiona

Snake River at Central Ferry

Snake River at Kings Hill

Wenatchee River at Lake Wenatchee —2/

Wenatchee River near Wenatchee —2/
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an approximate measure of total dissolved
solids. Using the flow data in the tables,

these approximate dissolved solids values

were converted into tons-per-day of dis-

solved solids for the river station to give

a comparative measure of the dissolved con-

stituent increase between stations. These
values are shown in table 34 which indicates
that 63 percent of the yearly solids in-

crease in the Columbia River between Beebe
and McNary Dam is contributed by the Snake
River and that less than 1 percent is con-
tributed by the Wenatchee and Yakima Rivers.
A small portion of the remaining 36 percent
is contributed from the Entiat, Chelan, and

Walla Walla Rivers and Crab Creek, leaving
the major portion of this remaining 36 per-
cent solids increase to come from the solu-
tion of mineral matter in the stream bed,
from surface runoff and from ground water
inflow to the stream bed. On the basis of
solids discharged to watershed area, the

Wenatchee River discharges about twice the

tonnage of dissolved solids per unit of
watershed area than does the Yakima River.
The reason for this apparent anomaly is that

most of the Wenatchee watershed contributes
flow to the river whereas much of the Yakima
watershed contributes very little flow. In

the Wenatchee River watershed the annual
runoff is 2.9 c.f.s. per square mile while
in the Yakima River watershed it is only

0.57 c.f.s. per square mile.

EFFECT OF PROPOSED IMPOUNDMENTS
ON FUTURE WATER QUALITY

The reservoirs proposed for this study
area on the Columbia and Wenatchee Rivers
(see table 1, page 3) are not large in pro-
portion to river flow. Power installations
will be of the so-called run-of-river type
where the retention period for river water
in each reservoir will be from less than one
day during flood stage to perhaps a maximum
of 6 to 10 days during periods of low stream
flow. Average reservoir water depths will
be under 50 feet. During periods of low

stream flow (August to April) the entire
river discharge will pass through the tur-
bines whose intakes are located near the

reservoir bottom. Because of the shallow-
ness and large length-to-width ratio in

these impoundments, there should be good
vertical and horizontal mixing with little
stratification. Surface water temperatures
near the dam, when all river discharge is

going through the turbines, may exceed aver-

age reservoir temperatures by 1 to 3° F.

In McNary Reservoir, which is similar to

the proposed reservoirs, very little strati-
fication was observed (29). Since these

hydroelectric facilities will be used for

"peaking" —' , large diurnal fluctuations in

downstream flow and fluctuations in reser-

voir elevation can be expected during the

period of low stream flow. The extent of

these "peaking" flow and reservoir fluctua-
tions will depend upon the operational
characteristics of each installation and

upon how much water is released to the in-

stallation from upstream impoundments. With

the ultimate development of this stretch in

the Columbia River (perhaps within the next

ten years) there will be a continuous up-

stream succession of impoundments and diur-

nal "peaking" effects will be apparent only
along the reservoir shorelines. The only
effect on water quality from these "peaking"
operations will be a tendency to increase

water temperatures slightly as water will

be impounded during periods of daylight and

released during hours of darkness or reduced
solar radiation. A considerable portion of
this diurnal impoundment increase will be

in the shallower reservoir areas.

Maximum reservoir drawdown in these

run-of-river power facilities will normally
be from 5 to 10 feet. Therefore, unusually
high September water temperatures downstream
from these dams will not be experienced as

they are when the deep Grand Coulee and

Merwin reservoirs (_5) are drawn down in

September. This does not imply that high
water temperatures will not be experienced
in September at these reservoirs under dis-

cussion. The average August water tempera-
ture increase through four reservoirs in

the Columbia River Basin (5^) was 0.9° F.

for each 10,000 acres of impoundment area.

If this same temperature increase is experi-
enced in the Columbia River after the Wells,

Rocky Reach, Wanapum, Priest Rapids, We-

natchee and Ben Franklin Dams are completed,
the August 1956 mean water temperatures

(highest for the study period) will be

1/ "Peaking" is the daily storage of water
in a reservoir during periods of lower
power demand (daylight and early morn-

ing hours) that is released through the
turbines during daily periods of higher
power demand (say from 5:00 to 11:00
P.M.)
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increased in the future from 64.9 to 65.1°

F. at Monitor on the VVenatchce River; from

63.2 to 64.8* F. at Rock Island and from
66.4 to 71.4° F. at Pasco, both on the

Columbia River. Maximum water temperatures
may be somewhat less than indicated since
the rate of temperature increase will di-
minish as water temperatures approach the

mean air temperature. If these proposed
dams (or a portion of them) were to be high
dams with large impoundments having a high
depth-to-area ratio, the downstream water
temperatures would probably be cooled rather

than warmed during the summer (as is the

case with Lake Roosevelt and Grand Coulee
Dam)

.

Columbia and Wenatchee river water
is low in dissolved and suspended organic
matter. The areas where water is to be

impounded are also low in organic matter
(providing the Wenatchee Reservoir site is

cleared of timber). Therefore it is ex-
pected that decomposition in the lower res-
ervoir levels will be minor and that there
will be no appreciable change in dissolved
oxygen due to bacterial decomposition of
organic matter. Other decomposition pro-
ducts, such as carbon dioxide, ammonia and
sulfides should also be insignificant in

the reservoirs and downstream water. One
to two p. p.m. less dissolved oxygen should
be experienced between the Wells Dam and

Pasco during the late summer after the dams
have been built because of £Ui increase in

water temperature and because of reduced
aeration. This anticipated drop in dis-
solved oxygen may be more than compensated
for by photosynthetic activity in the new
reservoirs. An oxygen reduction of 2 p. p.m.

would still leave ample oxygen for aquatic
life. These predictions are made with the
assumption that future industrial and munic-
ipal waste discharges to the river will
have low oxygen demands.

A slight increase in the yearly
weighted-average dissolved constituent
values should be experienced in the Colum-
bia River after the dams are built because
of the longer contact time cufforded between
the water and the mineral matter in the

river bed. This increase may be quite ap-

preciable soon after the water is impounded
because of its contact with soil that has
previously received a minimum of leeching
action from rainfall. This increase in
dissolved mineral matter should have no

harmful effect on aquatic life; it may be

beneficial by augmenting the present food
supply. Water turbidity during the flood
season should be reduced by deposition in

the reservoirs. Water color may be reduced
through increased bleaching by the sun in

the new reservoirs.

SUMMARY

A water quality study has been made
in the Wenatchee River Basin and on the

Columbia River from Beebe (near Chelan) to

McNary Dam for the purpose of ascertaining
the effect proposed dam construction will
have on water quality and its relation to

aquatic life. Six dams are under construc-
tion or are proposed for construction in

this section of the Columbia River and its
tributaries. These will be low-head run-

of-river hydroelectric facilities. Fourteen
water sampling stations were established
in the study area. Water samples were
analyzed for the common constituents and

for other constituents which might affect
aquatic life.

Water quality data were summarized
and documented. These data will make it

possible to evaluate future water quality
data obtained after the dams have been
constructed. U. S. Fish and Wildlife Ser-
vice and Chelan County P.U.D. thermograph
records of water temperature have been
summarized and analyzed. U. S. Geological
Survey quality of water data have been
used when applicable. A comparison was
made of 1910-11 water quality in the We-
natchee River with that observed in the
1954-57 period.

The Wenatchee River and its tribu-
taries are cool, "clean" waters. They are

low in dissolved constituents and are low
in suspended matter except during periods
of high runoff. The Columbia River between
Beebe and Pasco usually has maximum tem-

peratures under 65° F. It is saturated
with dissolved oxygen and contains only a

moderate amount of dissolved and suspended
constituents. Below the Snake River con-
fluence, the Columbia River water quality
at McNary Dam shows a narked change from
that observed at Pasco. During the summer,
the Snake River may raise the Columbia
River temperature by 2.5° F. and increase
its dissolved constituents by 20+ percent.
Water quality data obtained from all

stations throughout the year gave no data.
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with the exception of temperature, that

would indicate the water to be questionable
for aquatic life. Average water tempera-
tures in excess of 65° F. may persist for

a month or more at McNary Dam, at Pasco and

in the lower reaches of the Snake and

Yakima Rivers.

Engineering Department was utilized for data
analysis.

Kingsley G. Weber, Fishery Research
Biologist, U. S. Fish and Wildlife Service,
Seattle, Washington, was most helpful in

administration of the research contract.

The proposed impoundments in this

section of the Columbia River Basin should
not alter the chemical or physical quality
of the water sufficiently to have any harm-
ful effect on aquatic life. Temperature
increases during the summer months will be

the principal effect these impoundments may
have on water quality. Water temperatures
in excess of 70° F. should be experienced
at McNary Dam for a period of a month or

more after the proposed reservoirs are

filled. The months of high water tempera-
ture will be August and September.

Additional study is needed on the

effect that reservoirs have on downstream
water temperatures. Existing data relating
water quality to aquatic life is voluminous
but difficult to apply as the variables in

most bio-assays have been limited. These
variables are the test animal, water tem-
perature, time and the relative concen-
tration of dissolved mineral matter and
dissolved gases. More study is needed on
the relationship of these variables with
the migration and spawning of anadromous
fishes in the Columbia River system.
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